Abstract Purpose: To test the association between risk stratification and outcome in a prospectively designed, blinded retrospective study using tissue arrays of available paraffin blocks from the estrogen receptor^expressing, node-negative samples from the National Surgical Adjuvant Breast and Bowel Project B14 and B20 tamoxifen and chemotherapy trials. Experimental Design: Tissue arrays were stained by immunohistochemistry targeting p53, NDRG1, SLC7A5, CEACAM5, and HTF9C. Risk stratification was done using predefined scoring rules, algorithm for combining scores, and cutoff points for low-risk, moderate-risk, and high-risk patient strata. Results: In a univariate Cox model, this test was significantly associated with recurrence-free interval [HR, 1.3 (95% confidence interval, 1.1-1.6); P = 0.006]. In a multivariate model it contributed information independent of age, tumor size, and menopausal status (P = 0.007).The KaplanMeier estimates of the proportion of recurrence-free after 10 years were 73%, 86%, and 85% for the high-risk, moderate-risk, and low-risk groups (P = 0.001). The Kaplan-Meier estimates of the breast-cancer-specific-death rate were 23%, 10%, and 9% (P < 0.0001). Exploratory analysis in patients z60 years old showed Kaplan-Meier estimates of the proportion of recurrence-free of 78%, 89%, and 92%. Both high-risk and low-risk groups showed significant improvement on treatment with cytotoxic chemotherapy. Conclusions: Immunohistochemistry using five monoclonal antibodies assigns breast cancer patients to a risk index that was significantly associated with clinical outcome among the estrogen receptor^expressing, node-negative tamoxifen-treated patients. It seems that the test may be able to identify patients who have greater absolute benefit from adjuvant chemotherapy compared with unstratified patient populations. Exploratory analysis suggests that this test will be most useful in clinical decision making for postmenopausal patients.
Great progress has been made in the development and clinical testing of treatments for early-stage, estrogen receptor -expressing breast cancer. The significant clinical benefit of adjuvant hormonal therapy has been clearly shown and has become an accepted part of standard treatment strategies. In contrast, adjuvant cytotoxic therapy has been shown to offer more moderate absolute improvement in clinical outcome, which creates uncertainty about its utility in an individual patient (1) . The use of adjuvant cytotoxic therapy is therefore reliant on clinical judgment, leading to a less consistent clinical practice. Current prognostic algorithms use primarily clinical factors including tumor size, stage, tumor grade, patient age at diagnosis, and overall comorbidity to help with stratifying risk to identify patients who might preferentially benefit from chemotherapy (2) . It is widely accepted that the introduction of diagnostic tests that better stratify chemotherapy benefit based on intrinsic properties of each patient's tumor could help allow more informed choices about therapeutic options (3, 4) .
Over the past several years, numerous multivariate index assays have been developed that measure gene and protein expression in breast cancer and distinguish clinically distinct patient populations. The varied approaches used to discover prognostic signatures have resulted in the creation of distinct assays measuring different targets. Nevertheless, the strength and reproducibility of these different tests and the finding that they largely classify patients similarly show that the measured biological differences between patients are stable and able to be reliably measured using different technologies (5, 6) . Several clinical assays have been introduced, and one of them, based on a panel of 21 genes, has been validated as prognostic of clinical outcome using clinical trial patient populations (7, 8) .
We previously reported the translation of gene expression patterns in breast cancer into a five immunohistochemistry reagent assay trained to predict recurrence in an estrogen receptor -expressing, node-negative breast cancer population, and validated using two independent institutional cohorts (9) .
The assay measures SLC7A5, involved in nutrient transport; p53, involved in cell cycle checkpoint control; HTF9C, a gene whose expression oscillates during the cell cycle; NDRG1, a stress-and hypoxia-inducible gene; and CEACAM5, a carcinoembryonic differentiation antigen. Our results showed that the assay was independent of clinical predictors and allowed a superior stratification of patients compared with a widely used measure of standard clinical parameters, the Nottingham prognostic index. To further validate and define the clinical utility of this assay in early-stage patients, we stained archived tumor samples from the National Surgical Adjuvant Breast and Bowel Project (NSABP) trials B14 and B20. These seminal clinical studies helped to establish the clinical benefit of adjuvant tamoxifen therapy and the addition of cytotoxic chemotherapy in nonmetastatic estrogen receptor -expressing breast cancer (1, 10 -13) . The prospectively designed retrospective studies reported herein were done to further test the association between the five-antibody test and clinical outcomes in estrogen receptor -expressing, node-negative tamoxifen-treated breast cancer patients and to determine whether the test identified patients who would have selectively benefited from adjuvant chemotherapy treatment.
Materials and Methods

Patients
Patients were included for study if there was clinical follow-up information and a paraffin block available for construction of tissue microarrays. Triplicate sections derived from the replicate tissue microarray blocks were stained by the five monoclonal antibodies and scored manually; inclusion of a patient in analysis required that at least one of the three blocks yielded an interpretable stain for each of the five studied biomarkers. For the work done at Applied Genomics, Inc., this study was classified as exempt by the New England Institutional Review Board because no identifiable patient clinical information was made available to Applied Genomics at any time. The study was approved by the Institutional Review Board of Allegheny General Hospital.
Tissue arrays and immunohistochemistry
Tissue arrays and staining. Each tissue microarray block contained single 0.6-mm cores sampled from a maximum of 100 cases arranged in a 10 Â 10 array format with three position orientation cores on one corner. Tissue microarrays are protocol specific. The Division of Pathology of the NSABP Foundation has an Institutional Review Board -approved protocol in place for assignment of a pathology serial number for all patients. Tissue array sections were deparaffinized and dehydrated by submerging in xylene thrice for 10 min each, followed by rinsing thrice in 100% ethanol, twice in 95% ethanol, and then treated by microwaving, boiling for 11 min in 10 Amol/L buffered citrate (pH 6.0). Slides were allowed to cool to room temperature and rinsed in distilled water followed by PBS. Slides were dipped in 0.03% hydrogen peroxide followed by rinsing with PBS and then stained with dilutions of antibodies in Dako diluent (DakoCytomation, Inc.) for 1 h at room temperature. Secondary antibody was applied for 1 h, and staining visualized with the DakoCytomation Envision staining kit according to the manufacturer's instructions. For each antibody, dilutions were first tested on a small ''titer'' tissue array that had breast cancer cases with positive and negative cases for all antibodies in the panel, in addition to a set of tumor-derived cell lines suspended in paraffin.
Tissue array scoring. Manual scoring was first done on a semiquantitative scale wherein the invasive breast cancer epithelium present in each tissue core was scored by microscopic evaluation as negative, weak, or strong. Scores were converted to a binary scale of positive or negative or no information when instructive tumor was absent. Triplicate scores were reviewed by evaluation of images of the cores using a custom database of scores and images. Staining on any one of the replicate tissue array cores was interpreted as positive staining for the patient as a whole.
Scoring rules. SLC7A5 (rabbit monoclonal s0720): Score ''positive'' when membrane staining is present on >10% of invasive tumor cells. p53 (mouse monoclonal D0-7): Score positive when nuclear staining is present on >10% of invasive tumor cells. NDRG1 (rabbit monoclonal s0721): Score positive when a confluent area of uniform cytoplasmic or membrane positive staining is present. NDRG1 staining is present proximal to hypoxic areas near necrotic centers. This nonhomogeneous staining pattern is interpreted as negative. HTF9C (rabbit monoclonal antibody s0722): Score positive only when a cytoplasmic staining pattern is present on >10% of invasive tumor cells. Occasional nuclear staining is ignored for scoring purposes. CEACAM5: Score positive when cytoplasmic and/or membrane staining is present on >10% of invasive tumor cells.
Measurement of estrogen receptor expression by the ligand binding assay has previously been described (14) .
Study design and analysis
Concordance between individual tissue array replicates was determined by pairwise comparison of all available duplicate stains on independent stained tissue array cores scored by a single scorer or by single stained cores scored by two different scorers. Concordance results reflect scores obtained by primary evaluation by microscope before subsequent review of discordant scores.
A prospective analysis plan including scoring rules and predefined study end points was established as a written document before staining of the tissue array slides. Staining and scoring was done in Applied Genomics laboratories and scores were linked to an anonymous case identifier. Scores and a calculated risk index for each patient were sent
Translational Relevance
This article describes a validation study of Mammostrat, a five-antibody immunohistochemistry test for estimating the prognosis of tamoxifen-treated, estrogen receptor^express-ing, node-negative breast cancer. These patients have a relatively good prognosis when treated with hormonal therapy alone. However, chemotherapy has been shown to provide clear benefit. Clinical tests that identify the subset of patients with higher risk of relapse and who derive the greatest benefit from chemotherapy are needed. Although there are molecular-based prognostic tests that fulfill such needs, they are expensive. The Mammostrat test can identify patients at higher risk of tumor progression and who derive robust benefit from cytotoxic chemotherapy. Conversely, patients predicted to have low risk of tumor progression by this test may elect to forgo the morbidity associated with cytotoxic therapy because their baseline prognosis is very good although they may still derive some benefit from chemotherapy. Because immunohistochemistry technology is widely distributed and relatively inexpensive, Mammostrat may be a cost-effective alternative to molecular-based tests.
by Applied Genomics to an honest broker who merged the staining data with clinical data from the NSABP Biostatistical Center according to a link file from the Pathology Division of NSABP. All statistical analyses were done by a statistician from the NSABP Biostatistical Center, and exploratory analyses were done at the discretion of the statistician. Prognostic score was calculated using the prespecified algorithm:
Patients were classified into the three risk categories such that prognostic index V0 defines the ''low-risk'' group; prognostic index >0 and V0.7 define the ''moderate-risk'' group; prognostic index >0.7 defines the ''highrisk'' group. The algorithm and end points are unchanged relative to that specified in previously published studies (9) .
Clinical end points were defined as follows: recurrence-free interval, time from enrollment to any breast cancer recurrence or death with evidence of breast cancer; distant recurrence -free interval, time from enrollment to breast cancer recurrence in any area of the body excluding invasive or in situ breast cancer recurrence (except lobular carcinoma in situ) in the ipsilateral breast or chest wall or in the ipsilateral internal mammary, supraclavicular, infraclavicular, and/or axillary nodes, as well as the soft tissue of the ipsilateral axilla; breast cancer -specific death, time from enrollment to death due to breast cancer. Pathologic grading was not available in this study.
Prospectively defined study aims Prognosis in tamoxifen-treated patients was evaluated by using patients from both the B14 and B20 trials. The primary aim was to test the hypothesis that the risk category, coded as an interval variable with values 0, 1, and 2, is significantly associated with recurrence-free interval in a univariate Cox model. A two-sided P value for the likelihood ratio test of <0.05 was considered significant. Secondary aims were to test the hypothesis that the distributions of distant recurrence -free interval and breast cancer -specific death were significantly distinct among the high-risk, moderate-risk, and low-risk groups and to test the hypothesis that the five-antibody model contributed independently from age and clinical tumor size in predicting recurrence-free interval, distant recurrence -free interval, and breast cancer -specific death. A two-sided P value of <0.05 for the effect associated with the prognostic categories as an interval variable after adjusting age and clinical tumor size in a Cox proportional hazards model was considered significant. Exploratory analysis was done to determine recurrence events (recurrence-free interval) in patients separated into age and quantitative estrogen receptor expression groups measured by the ligand binding. The explored age groups were <40, 40 to 50, 50 to 60, and z60 y old. The estrogen receptor -expressing groups were 10 to 49, 50 to 99, 100 to 199, and z200 fmol/mg.
Prediction of chemotherapy benefit was carried out by comparing patients treated with tamoxifen only to those treated with tamoxifen plus chemotherapy using patients from the B20 trial. The primary aim was to test the hypothesis that the distribution of recurrence events in comparison between tamoxifen-treated and tamoxifen plus chemotherapy -treated patients during the 10-year study period was significantly distinct within any of the (Applied Genomics) -defined patient subclasses. The interaction between the risk categories and treatment options (tamoxifen plus chemotherapy versus tamoxifen only) was tested in a multivariate Cox model. Prognosis in patients who did not receive adjuvant treatment was evaluated based on patients from the B14 placebo arm. The primary aim was to test the hypothesis that the distribution of the recurrence events (recurrence-free interval) was significantly distinct among the high-risk, moderate-risk, and low-risk groups.
Cohort Characteristics
The NSABP B14 and B20 studies were randomized prospective studies of the role of adjuvant tamoxifen and adjuvant chemotherapy in treatment of node-negative, estrogen receptor -expressing breast cancer, respectively. The B14 trial was a randomized study comparing placebo-treated patients with tamoxifen-treated patients and added a tamoxifen-only registration arm after early results showed a clear and striking benefit for adjuvant tamoxifen therapy. The B20 trial randomized patients either to the arm receiving tamoxifen only or to one of two arms receiving either tamoxifen plus cyclophosphamide and methotrexate (CM) or tamoxifen plus CM and fluorouracil (CMF; ref. 10). Paraffin blocks were archived for a subset of trial patients and available for construction of tissue arrays. These same samples were previously used for the development and validation of the 21-gene predictor, a validated prognostic reverse transcription-PCR (RT-PCR) Fig. 1 . Tamoxifen-treated patients. Recurrence-free interval (RFI) in B14 and B20 combined tamoxifen-onlyt reated patients. A, all patients unstratified. B, all patients stratified into low-risk, moderate-risk, and high-risk groups by the prognostic index. C, patients ages z60 y old. D, patients 50 V age < 60 y. E, patients 40 V age < 50 y. F, patients ages <40 y. G, all patients stratified by quantitative estrogen receptor status measured by the ligand binding assay (14) . H, patients with relatively high estrogen receptor staining (z50 fmol/mg) and ages z60 y stratified into low-risk, moderate-risk, and high-risk groups by the prognostic index. assay for early-stage, tamoxifen-treated, estrogen receptor -expressing breast cancer patients (7) .
In this study, we aimed to assess the association between clinical outcomes in early-stage, estrogen receptor -expressing breast cancer and stratification by a novel five-antibody immunohistochemistry test. For the study of tamoxifen-treated patients, we combined all available tamoxifen-only -treated patients from both the B14 and B20 studies. For the study of chemotherapy responsiveness, the CM and CMF arms were combined because they were similar, and they were compared with the B20 tamoxifen-only -treated patients. All available B14 placebo-treated patients were also analyzed. Paraffin blocks were available for f20% of the original combined B14 and B20 tamoxifen-only arms, the B20 chemotherapy trial, and the B14 placebo treatment arm (Table 1) . Compared with samples previously used for development and validation of the OncoType DX assay, there were 20% fewer patients available in the tissue array for the B14 tamoxifen arm and 32% fewer patients available from the B20 trial. In the B14 study population herein, 69% of patients were >50 years of age, whereas in the B20 clinical study only 55% were in this age group. The latter differs significantly from the population demographics in the United States where 73% of estrogen receptor -expressing, node-negative patients are between 50 and 70 years of age 8 (Table 2) .
Tamoxifen-Treated Patients
Among the 711 combined B14 and B20 tamoxifen-treated patients who are eligible for this study, f58% were in the low-risk category and 21% each in moderate-risk and high-risk categories. There was a statistically significant association between patients stratified by the immunohistochemistry test and the recurrence-free interval in the combined B14 and B20 tamoxifen-treated patient cohorts [HR, 1.3; 95% confidence interval (95% CI), 1.1-1.6; P = 0.006; Fig. 1A and B]. Low-risk and moderate-risk groups were not significantly different (log-rank test, P = 0.5), whereas low-risk was significantly distinct from high-risk [HR, 1.8 (95% CI, 1.2-2.6); log-rank test, P = 0.001]. In the unstratified cohort, the Kaplan-Meier estimate of the proportion of patients who were recurrence-free after 10 years was 82% (95% CI, 79-85%) overall. When comparing the three categories of risk level, the Kaplan-Meier estimates were 85% (95% CI, 81-88%) for patients classified as low-risk, 85% (95% CI, 80-91%) with moderate-risk, and 73% (95% CI, 65-80%) for high-risk patients. There was also a statistically significant association with two secondary predefined end points: distant recurrence -free interval and breast cancer -specific death (Table 3) .
In a multivariate Cox model, the immunohistochemistry model provided significant prognostic power that was independent of age and tumor size [HR, 1.3 (95% CI, 1.1-1.6); P = 0.007]. Age z60 years contributed independent information to the model [HR, 0.5 (95% CI, 0.36-0.74); P = 0.003], whereas the effect of tumor size was not significant [HR, 1.3 (95% CI, 1.0-1.8); P = 0.07; Table 4 ; Fig. 1C-F ]. The immunohistochemistry model was able to identify a group of patients with significantly worse outcomes than cohort averages regardless of age, and there was no significant interaction between age z60 years and the model (P = 0.6). Among patients z60 years old, the low-risk group had a Kaplan-Meier estimate of 92% (88-96%), the moderate-risk group had 89% (95% CI, 81-97%), and the high-risk group had 78% (95% CI, 68-88%). In the same age group, the low-risk patient stratum had a Kaplan-Meier estimate of breast cancer -specific death of 6% (95% CI, 2-9%) at 10 years, whereas the high-risk patients had a breast cancer -specific death rate of 22% (95% CI, 11-32%; Table 5 ). In the unstratified cohort, low expression of estrogen receptor measured by the ligand binding assay (<50 fmol/mg) was associated with significantly worse outcome (ref. 14; Fig. 1G ). In patients z60 years of age and limited to the subset that showed moderately high level expression of estrogen receptor and higher (z50 fmol/mg), the fiveantibody algorithm identified a high-risk group of patients with a Kaplan-Meier estimate of the recurrence-free interval of 24% (95% CI, 14-38%) and a low-risk group with a 6% (95% CI, 3-13%) 10-year recurrence rate (Fig. 1H) .
Three of the five individual biomarkers were associated with the recurrence-free interval by univariate analysis (SLC7A5, HTF9C, and p53) whereas two (NDRG1 and CEACAM5) were not significant in this cohort (data not shown). Pairwise reproducibility between stains done on independent triplicate arrays and read by a single scorer ranged from 85% (p53) to 92% (CEACAM5) concordance. Reproducibility of the interpretation of a single stained cohort array read by two different scorers ranged from 86% (p53) to 96% (SLC7A5 and NDRG1; Table 6 ).
Tamoxifen-and Cytotoxic Chemotherapy -Treated Patients
In the unstratified B20 patient population used in this study, the chemotherapy-treated patients showed a 5% absolute decrease in recurrences with the addition of chemotherapy. The immunohistochemistry test identified high-risk and low-risk groups that both showed significant improvement on treatment with cytotoxic chemotherapy. The Kaplan-Meier estimate of the recurrence-free interval in low-risk patients improved by 5%, from 86% to 91% [HR, 0.4 (95% CI, 0.2-0.8); P = 0.01], whereas in high-risk patients the recurrence-free interval improved by 21%, from 64% to 85% [HR, 0.4 (95% CI, 0.2-0.9); P = 0.02; Fig. 2A-D] . The moderate-risk group showed no significant difference between chemotherapy-treated and tamoxifen-only -treated patients (Table 7) . A test for an interaction between chemotherapy and the risk group stratification was not significant (P = 0.13).
Placebo-Treated Patients
There was no significant association between the recurrence-free interval at 10 years and stratification by the immunohistochemistry test for placebo-treated patients (Fig. 3A and B ).
Discussion
The current goal of prognostic testing in early-stage, estrogen receptor -expressing breast cancer is to provide information to aid in the choice between using hormonal therapy alone or hormonal therapy in conjunction with cytotoxic chemotherapy. Prior clinical studies with unstratified patient populations have not established whether there is a clinical benefit by adding adjuvant chemotherapy to tamoxifen in estrogen receptor -expressing patients >60 years old (1). In general, there is a bias in younger patients, who have overall worse prognosis relative to older patents, to treat with cytotoxic chemotherapy. Cytotoxic chemotherapy is used more cautiously in elderly or frail patients with otherwise limited expected life expectancy.
This work shows that a prognostic model that uses immunohistochemistry staining using five monoclonal antibodies combined in a multivariate index assay is able to identify a group of estrogen receptor -expressing, tamoxifentreated, node-negative patients who have a relatively poor prognosis and a greater absolute benefit from chemotherapy compared with unstratified patient populations. In the study using samples from B20 adjuvant cytotoxic chemotherapy trial, high-risk patients and low-risk patients both showed an absolute benefit from chemotherapy; however, the magnitude of benefit in high-risk patients was four times greater than in low-risk patients. The intermediate-risk group was not well separated from the low-risk group in these studies and therefore, with current data, is uninformative for managing patients classified as intermediate risk. These studies were blinded, prospectively designed retrospective trials in which no specimens from the test cohorts were used in the development of the test.
The strong contribution of age to multivariate models containing the immunohistochemistry prognosticator prompted us to explore in more detail the strength of the immunohistochemistry model in different age strata. The training cohort for the five-antibody test was composed of 83% of patients >50 years old, whereas both the B14 and B20 clinical trial cohorts were significantly younger (69% and 55%, respectively). Younger patients in the low-risk group identified by this immunohistochemistry test had a 20% risk of disease progression that warrants consideration of aggressive treatment strategies, consistent with current clinical practice. In contrast, in patients of ages z60 years with whom cytotoxic chemotherapy is currently used much more cautiously, the test identified high-risk patients with a 22% risk of breast cancer -specific death compared with 6% in low-risk patients. This, combined with the absolute 21% decrease in recurrence rate associated with the administration of adjuvant chemotherapy identified in the high-risk patient strata in the B20 study, suggests that elderly high-risk patients may gain more clinical benefit relative to low-risk patients from accepting the risk and morbidity of cytotoxic chemotherapy. It should be noted that stratification into age groups was not a prespecified analysis in the trial design and therefore should be confirmed in additional studies.
The B14 and B20 paraffin-block trial samples were also used in the development and validation of the 21-gene predictor, OncoType DX (7, 8) . This test uses preparation of RNA from macrodissected paraffin-block sections and RT-PCR of prepared RNA to detect levels of gene expression. Because 20% and 30%, respectively, of blocks were depleted by the RT-PCR analysis before this immunohistochemistry study, a direct comparison of results is not possible. However, a number of interesting trends are worth noting. The two overlapping studied cohorts had comparable 10-year recurrence rates overall, but the RT-PCR test identified a low-risk group with modestly better outcomes compared with the immunohistochemistry test (7% for the molecular test compared with 11% for the immunohistochemistry test). The difference in outcomes seems to be biased toward differences in performance in younger patients. For example, in patients >60 years of age, the RT-PCR and immunohistochemistry cohorts had very similar recurrence rates before risk stratification, and the tests done comparably in assigning patients to low-risk strata (low-risk distant recurrence -free interval of 7.2% for the immunohistochemistry test compared with 7.5% for the 21-gene test), whereas in younger patients, the RT-PCR cohort had lower rates of tumor progression in its low-risk group. Thus, a difference in performance in younger patients seems to account for much of the overall difference in performance of the two tests. Because epidemiologic work suggests that breast tumors that occur in premenopausal as opposed to postmenopausal patients are biologically distinct and the immunohistochemistry test was trained predominantly on postmenopausal patients, it is possible that the immunohistochemistry test is best suited to postmenopausal patients (15) . Whether the difference in Table 5 . Kaplan-Meier estimates of the event-free rates after 10 years in tamoxifen-only treated patients age greater than 60 years old K-M estimates for the event-free rates after 10 y, age >60 y (%) performance in younger patients is due to such intrinsic biological differences between the two tests or to biased depletion of cohort samples between the molecular work and tissue array construction will require additional trials wherein more comparable cohorts are studied. Few previous studies have evaluated biomarkers in randomized clinical trial populations relative to their utility in prediction of chemotherapy benefit. Only patient age, tumor size, and tumor grade have gained widespread use as markers of prognosis. There is relatively strong evidence to support the use of immunohistochemistry markers of proliferation (e.g., Ki67/ MIB-1) and measurements of hormone receptor status (e.g., quantitative estrogen receptor and progesterone receptor) as prognosticators for the natural history of hormonally treated breast cancer (2, 3) . The utility of additional diagnostic testing hinges on both the clinical effect of the result and the technical reliability of the test. Every technology applied to diagnostic testing, whether it is morphologic, immunologic, or molecular based, requires demonstration of the analytic reproducibility and clinical effect of testing. Morphology and immunohistochemistry have mixed records as diagnostic tests, but both have shown remarkably good reproducibility, when done by skilled specialists and in experienced high-volume laboratories. Immunohistochemistry-based assays have the advantage over molecular assays in that detection of biomarker expression is done and evaluated in situ, which gives confidence that measurement of expression is not confounded by expression in a variable admixture of normal or benign breast tissue and/ or contaminating inflammatory cells and stroma. The f85% to 95% reproducibility of the replicate stains and stain interpretation in this study using the very limited tissue available in 600-Am tissue array cores suggest that these immunohistochemistry biomarkers are technically robust markers. Assay performance should improve further under clinical practice conditions wherein whole sections are available for interpretation (16) . In addition, standardization of laboratory practice, automated staining, and quantitative image analysis approaches promise to improve laboratory consistency and performance of immunohistochemistry (17) . Information from biomarker expression in situ such as offered by immunohistochemistry assays may be prudent in the setting of limited tissue Research.
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The demonstration that five immunohistochemistry antibodies distinguish breast cancer patients at high risk of recurrence and who seem to have a robust response to chemotherapy suggests that this test may be useful for helping manage early-stage, estrogen receptor -expressing breast cancer. Patients identified as high risk for recurrence may be more inclined to elect aggressive treatment approaches, whereas patients predicted to have low risk of tumor progression may elect to forgo the morbidity associated with cytotoxic therapy because their baseline prognosis is very good although they may still derive some benefit from chemotherapy. Further testing in postmenopausal patients as well as exploration of additional markers selectively on premenopausal patients should be done to continue to tailor the test to accommodate the recognized biological and clinical diversity of breast cancer patients. Because immunohistochemistry technology is widely distributed and relatively inexpensive, this five-antibody test may be a cost-effective alternative to molecular-based tests. Given the cost advantage, the ease of testing, and the confidence engendered by in situ visualization of marker expression, immunohistochemistry approaches will likely continue to have a significant role in managing decision making for early-stage breast cancer. Applied Genomics, Inc., remunerated the NSABP to in part defray costs of the collaborative work done by the NSABP. Fig. 3 . Placebo-treated patients. All patients in the B14 placebo treatment arm. A, all patients unstratified. B, patients stratified into low-risk, moderate-risk, and high-risk groups by the prognostic index.
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